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Work performed in  t h e  f i r s t  q u a r t e r  of a 

r e s e a r c h  and development program on an e l e c t r o n  

bombardment cesium ion rocke t  system is r epor t ed .  

The f a c i l i t y  f o r  extended t e s t i n g  of t h e  system 

and some i n i t i a l  tests are desc r ibed .  The per -  

formance of a permanent magnet v e r s i o n  of t h e  

engine i s  r epor t ed  and t h e  r e s u l t s  of plasma d i s -  

t r i b u t i o n  s t u d i e s  and autocathode improvement 

tests are d i scussed .  
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SUMMARY 

This q u a r t e r l y  r e p o r t  f o r  t h e  pe r iod  24 February 1964 t o  31  Nay 

1964 d e s c r i b e s  t h e  work performed under Cont rac t  NAS3-5250. The ob- 

j e c t i v e s  of t h e  program a r e  t o  cont inue  t h e  development and t e s t i n g  

of  t h e  engine and feed system developed under Cont rac t  NAS3-2516; t o  

i n v e s t i g a t e  t h e  u s e  of permanent magnets w i th  t h e  e l e c t r o n  bombard- 

ment cesium i o n  engine;  t o  study t h e  plasma d i s t r i b u t i o n  i n  e l e c t r o n  

bombardment cesium i o n  sources ;  and t o  make improvements i n  the  c e s i -  

a t e d  autocathodes used i n  t h e  engines .  

During t h e  r e p o r t  pe r iod  a f a c i l i t y  f o r  extended t e s t i n g  of  t h e  

engine and feed  sys t emwas  b u i l t  and tests were begun. 

magnet mod i f i ca t ion  of  t h e  engine was f a b r i c a t e d  and it w a s  d e t e r -  

mined t h a t  engine o p e r a t i o n  was as good as wi th  e lec t romagnets .  The 

ion  and n e u t r a l  e f f l u x  d i s t r i b u t i o n s  from an engine were determined 

f o r  d i f f e r e n t  o p e r a t i n g  cond i t ions  and f o r  d i f f e r e n t  cesium i n j e c t i o n  

geometr ies .  S t a r t i n g  power requirements f o r  t h e  au toca thode  were in- 

v e s t i g a t e d  and a new cathode with no i n t e r n a l  h e a t e r  w a s  f a b r i c a t e d  

and t e s t e d .  

A permanent 

The main conclus ions  from t h e  r e s u l t s  ob ta ined  i n  t h e  f i r s t  

q u a r t e r  are t h a t  a l i gh twe igh t  permanent magnet engine  d e s i g n  i s  

f e a s i b l e  and that t h e  s t a r t i n g  power requirements  of t h e  autocathode 

can  be g r e a t l y  reduced. It appears t h a t  some of t h e  n e u t r a l  e f f l u x  

from an engine  is due t o  evapora t ion  of cesium d i r e c t l y  from t h e  anode 

and a change i n  t h e  anode design might i n c r e a s e  t h e  m a s s  u t i l i z a t i o n  

e f f i c i e n c y  wi th  no i n c r e a s e  i n  a r c  power. 

4920-4-1 v i i  



1. INTRODUCTION 

This i s  t h e  f i r s t  Quar t e r ly  Report under Cont rac t  NAS3- 5250 

I O N  ROCKET SYSTEM RESEARCH AND DEVELOPMENT. The program i s  a fol low- 

on t o  the  completed c o n t r a c t  NAS3-2516 and i s  based p a r t l y  on t h e  

cont inued development and t e s t i n g  of t h e  DE engine system developed 

under t h a t  c o n t r a c t  and repor ted  i n  EOS Report 3670-Fina1, "Ion Rocket 

Engine System Research and Development", (NASA CR-54067). The 3 kw 

system (des igna ted  DE) developed on Cont rac t  NAS3-2516 i s  composed of 

a 10 mlb. engine w i t h  zero-g feed system and a l a b o r a t o r y  c o n t r o l  

s y s t e m  which provides  automatic  s t a r t - u p s  and shut-downs and handles  

t r a n s i e n t s .  

1.1 Program Objec t ives  

The p resen t  program provides  f o r  t he  cont inued  development and 

t e s t i n g  of t h e  DE engine and feed system t o  achieve  demonstrated long 

l i f e  and r e l i a b i l i t y .  It  inc ludes  t h e  e l i m i n a t i o n  of s h o r t  and long 

t e r m  f a i l u r e  modes and t h e  eva lua t ion  of l i f e t i m e  l i m i t a t i o n s .  A 

q u a l i t y  a s su rance  and r e l i a b i l i t y  program i s  be ing  fol lowed on t h i s  

t a s k .  

I n  a d d i t i o n  t o  t h e  l o n g - l i f e  engine and feed system program, 

t h r e e  r e sea rch  and development prograins a r e  being pursued. They are: 

1. Design, f a b r i c a t i o n ,  and t e s t i n g  of a permanent magnet 

v e r s i o n  of t h e  DE engine.  

2. Plasma d i s t r i b u t i o n  s t u d i e s  t o  i n v e s t i g a t e  b a s i c  means of 

improving engine ope ra t ion  and l i f e t i m e .  

3. Autocathode improvement s t u d i e s  t o  reduce t h e  s t a r t i n g  

power requirements  of cesium e l e c t r o n  bombardment i o n  

engines .  

4920-4- 1 1 



1 . 2  

are:  

Key Pers  onne 1 

The key personnel  on t h e  program, and t h e i r  areas of e f f o r t ,  

R. C. Spe i se r  

G. C .  Reid 

F. A. Ba rca t t a  

G .  Soh1 

S .  Zafran 

Program Superv i so r  

Long L i f e  Engine 

Long L i f e  Feed System 

Applied Research 

Qua 1 i t y As s u ra nc e 

These personnel  supe rv i se  t h e i r  r e s p e c t i v e  t a s k s  and are  t h e  major 

c o n t r i b u t o r s  t o  t h e  program and t o  a l l  r e p o r t s  gene ra t ed  under t h e  

program. 

1 .3  General S t a t u s  

During t h e  q u a r t e r ,  a t e s t  f a c i l i t y  f o r  l i f e t i m e  and r e l i a b i l i t y  

t e s t i n g  of the  DE engine and feed  system was prepared and i n i t i a l  t e s t i n g  

was begun. 

r i c a t e d  and opera ted  and i t s  performance was comparable t o  t h a t  of t h e  

electromagnet  engine.  

A permanent magnet mod i f i ca t ion  of t h e  DE engine w a s  fab-  

Plasma d i s t r i b u t i o n  s t u d i e s  were undertaken and i o n  and n e u t r a l  

e f f l u x  d i s t r i b u t i o n s  from a bombardment engine were determined.  The 

e f f e c t s  of the magnetic f i e l d  i n t e n s i t y  and ca thode  o r i f i c e  c o n f i g u r a t i o n  

on the  i o n  and n e u t r a l  e f f l u x  d i s t r i b u t i o n s  were i n v e s t i g a t e d .  The 

performance of t h e  DE engine us ing  d i f f e r e n t  ca thode  o r i f i c e  s i z e s  was 

i n v e s t i g a t e d  and minimum autoca thode  s t a r t i n g  temperatures  were determined.  

S t a r t -ups  were made wi thou t  u s ing  t h e  i n t e r n a l  ca thode  h e a t e r  and a n  

au toca thode  c o n f i g u r a t i o n  w i t h  no i n t e r n a l  h e a t e r  w a s  des igned ,  f a b r i c a t e d ,  

and t e s t e d .  

4920-4-1 2 



2.  LONG LIFE E N G I N E  

2.1 F a c i l i t y  

F igure  1 i s  a schematic of t he  t e s t  chamber which was p r e -  

pared f o r  r e l i a b i l i t y  t e s t i n g  of t he  DE engine and feed  system. The 

engine i s  mounted i n  a tank  s e c t i o n  2 8  inches  i n  d iameter  and 3-112 f t .  

long. This s e c t i o n  has  a 2 foo t  d iameter  l i q u i d  n i t r o g e n  cooled  l i n e r  

and i s  pumped by a 10 inch  d i f f u s i o n  pump w i t h  a 6 inch  s tandby pump. 

Both pumps have l i q u i d  n i t rogen  cooled b a f f l e s .  This  s e c t i o n  has  a n e u t r a l  

cesium d e t e c t o r  w i t h  a housing which i s  cooled  by conduct ion t o  t h e  l i n e r .  

The d e t e c t o r  has  a mechanical ly  opera ted  s h u t t e r  f o r  de te rmining  back- 

ground l e v e l s .  

The c o l l e c t o r  s e c t i o n  of t h e  €acL?Lty is 2 8  inches  i n  d iameter  

and 5 f e e t  long. It has a 2 foot  d iameter  l i q u i d  n i t r o g e n  cooled  l i n e r  

w i t h  b a f f l e s  cooled by conduction. The c o l l e c t o r  i s  made of heavy 

s t acked  copper p l a t e s  and i s  water  cooled.  Liquid n i t r o g e n  i s  run  

through t h e  d i f f u s i o n  pump b a f f l e ,  t h e  c o l l e c t o r  s e c t i o n  l i n e r  and t h e  

engine  s e c t i o n  l i n e r  i n  t h a t  o rder  and flow i s  c o n t r o l l e d  t o  r e g u l a t e  t h e  

o u t l e t  temperature  of t h e  engine s e c t i o n  l i n e r .  The c o l l e c t o r  and both 

l i n e r  s e c t i o n s  can  be f l o a t e d  f o r  n e u t r a l i z a t i o n  tes t s .  

The engine and feed  system are  opera ted  by a DE c o n t r o l  system 

of t h e  type d i scussed  i n  EOS Report 3670-Final (NASA CR-54067). Vacuum, 

power, and h igh  v o l t a g e  func t ions  a r e  i n t e r l o c k e d  t o  provide  alarm 

s i g n a l s  o r  s h u t  t h e  system down i n  t h e  event  of engine system o r  t e s t  

equipment mal func t ions .  

2.2 DER-1  Engine 

F igure  2 i s  a photograph of t h e  f i r s t  engine and feed  system 

assembled f o r  the  t e s t  program. It d i f f e r s  from t h e  system t e s t e d  under 

Con t rac t  3-2516 only  i n  t h e  c o n f i g u r a t i o n  of t h e  s h i e l d  i n  f r o n t  of t h e  

a c c e l e r a t i n g  e l e c t r o d e  and t h e  pos i t i on ing  of thermocouples and power 

l eads .  This f i r s t  assembly had a copper a c c e l e r a t i n g  e l e c t r o d e ,  i n s t e a d  

of molybdenum, t o  o b t a i n  e ros ion  d a t a  i n  s h o r t  d u r a t i o n  runs.  

4920-Q- 1 3 
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Table I l i s t s  component and sub-assembly weights  f o r  t he  D E R - 1  

engine.  

the  engine.  

A l l  weights  were taken  wi th  c l e a n  p a r t s  p r i o r  t o  o p e r a t i o n  of 

TABLE I 

ENGINE COMPONENT WEIGHTS 

Component 

Screen e l e c t r o d e  

Accelera tor  (Mo) 

Acce lera tor  (Cu) 

Elec t rode  Support 

Hood 

Elec t rode  Assembly 

Anode 

Cathode Assembly 

Cathode P l a t e  

S h e l l  Assembly 

P a r t  No. 

703741B 

7037 14B 

7037 14B 
(SK394) 

7037 1 2  

7037 58 

703705 
(SK406) 

7037 1 1 A  

703709V 

703729B-2 

703708C 

Weight 

118.7096 gm 

161.7473 gm 

141.0190 gm 

46.47335 gm 

116.0482 gm 

483.4964 gm 

353.95 gm 

100.1301 gm 

135.4041 gm 

748.15 gm 

Ac c u r a  c y 

- +.0001 gm 

- +.0001 gm 

+.0001 gm - 

- +.00005 gm 

+.0002 gm 

- +.0002 gm 
- 

+.05 gm 

+.0001 gm 

+.OOOl gm 

+.05 gm 

- 
- 
- 
- 

2.3 I n i t i a l  Tes ts  

2.3.1 I n i t i a l  Engine Operat ion 

The i n i t i a l  check-out t e s t  of t h e  DER-1  engine was made 

using t h e  copper a c c e l e r a t i o n  e l e c t r o d e .  Performance was a s  expected 

wi th  opera t ing  parameters a s  l i s t e d  i n  Table 11. The run  was te rmina ted  

a f t e r  a t o t a l  accumulated t ime of 9 hours due t o  a l eak  i n  t h e  l i q u i d  

n i t r o g e n  cool ing l i n e  of t he  c o l l e c t o r  ( t h e  i n i t i a l  t e s t  was made i n  

ano the r  f a c i l i t y  s i n c e  t h e  equipment of F igure  1 was not  y e t  ready) .  

49 20-4- 1 



TABLE I1 

OPERATING PARAMETERS DURING I N I T I A L  TEST 

P o s i t i v e  High Voltage,  V+ (kv) 

Negative High Voltage,  V- (kv) 

Negative HV Current ,  I- (amp) 

B e a m  Curren t ,  IB (amp) 

A r c  Vol tage,  VA ( v o l t )  

A r c  Curren t ,  IA (amp) 

B e a m  Power, PB (kw) 

E r a i n  Power, PD (kw) 

Magnet Power, PM (kw) 

A r c  Power, PA (kw) 

T o t a l  Power, PT (kw) 

Thrus t ,  T (mlb) 

Power t o  T h r u s t ,  P/T (kw/lb) 

Power E f f i c i e n c y  > lp (percent )  

Mass E f f i c i e n c y  9 (percent) 
O v e r a l l  Engine E f f i c i e n c y ,  7 (percent )  

S p e c i f i c  Impulse I ( s e c )  
SP 

I /IB (percent )  

P /I (kev/ion) 

E 

A B  

4920-4- 1 7 

3.56 

0.76 

0.0077 

0.435 

7 .6  

40.5 

1.549 

0.033 

0.010 

0.308 

1.900 

9.75 

19 5 

80 5 
88 $ 
70.4 $ 

6440 

1.8 ,$ 

0.709 



A f t e r  t h e  9 hours  of accumulated o p e r a t i o n ,  t h e  copper  

a c c e l e r a t i n g  e l e c t r o d e  was found t o  have l o s t  0.136 gm o r  0.097 $ 
of i t s  weight.  Eros ion  was ev iden t  between a p e r t u r e s  on t h e  downstream 

s i d e  of t h e  e l e c t r o d e  and was assumed t o  be due t o  charge  exchange. 

2.3.2 Engine System Tests 

When t h e  r e l i a b i l i t y  t e s t  equipment was r eady ,  t h e  DER-1 

engine ,  wi th  a molybdenum a c c e l e r a t i n g  e l e c t r o d e  was mounted i n  t h e  

chamber and tes t s  were s t a r t e d .  Some t r o u b l e  shoo t ing  of t h e  t e s t  equip-  

ment was necessary du r ing  i n i t i a l  o p e r a t i o n  of t h e  f a c i l i t y .  The f i r s t  

run s t a r t e d  normally and proceeded a t  o p e r a t i n g  l e v e l s  s i m i l a r  t o  those  

of Table 11. A f t e r  3-1/2 hours  t h e r e  w a s  a ma l func t ion  of t h e  h i g h  

v o l t a g e  power s u p p l i e s  which te rmina ted  t h e  run .  The cause  w a s  found t o  

be i n t e r m i t t e n t  a r c s  a t  a poor mechanical connec t ion  t o  t h e  s u r g e  l i m i t i n g  

r e s i s t o r s  i n s i d e  t h e  p o s i t i v e  h igh  v o l t a g e  power supply .  

A f t e r  t h e  power supply  was r e p a i r e d ,  ano the r  run  was 

s t a r t e d .  A f t e r  1 /2  hour a t  f u l l  beam (430 m a ) ,  t h e  run  w a s  t e rmina ted  

due t o  i n a b i l i t y  t o  ma in ta in  h igh  vo l t age .  The engine  w a s  removed from 

t h e  vacuum system and upon examinat ion a b l ack  f l a k y  subs tance  w a s  ob- 

se rved  on the  gap s i d e  of t h e  a c c e l e r a t i n g  e l e c t r o d e .  This  subs t ance  

was a l s o  found i n  t h e  a r c  chamber and on t h e  l i n e r  under t h e  e l e c t r o d e  

s ys t em.  

F igure  3 shows a photograph of t h e  e l e c t r o d e  a f t e r  t h e  

run. The f o r e i g n  m a t e r i a l  appears  as  t h e  da rk  c o a t i n g  and i s  h e a v i e r  i n  

t h e  c e n t r a l  r e g i o n  of t h e  e l e c t r o d e .  A sample of t h i s  subs tance  was 

scraped  from the  p l a t e  and analyzed.  The main c o n s t i t u e n t s ,  by weight ,  

were found t o  be: 

Ti tanium 23 % 

Copper 12 $ 
A l u m i  num 7 4  
Nickel  4.1 $ 
Carbon 3.6 '$ 
Molybdenum 2.9 $ 
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1 
8 
I Vana d, a m  

I r o n  

The presence and h igh  c o n c e n t r a t i o n s  of t i t a n i u m ,  alumi- 

num, and vanadium i n d i c a t e  t h a t  some of t h e  m a t e r i a l  may have come 

from t h e  t i t a n i u m  a l l o y  used fo r  t h e  ca thode  o r i f i c e  p l a t e .  This a l l o y  

has  t h e  c o n s t i t u e n t s :  

Titanium >89 '$ 
Aluminum 6.1 k 
Vanadium 4.1 < 
I r o n  0.17 % 
Carbon 0.023 $ 
An examination of t h e  o r i f i c e  p l a t e  r evea led  s e v e r e  

d i s t o r t i o n ,  i n d i c a t i n g  h igh  temperatures around t h e  o r i f i c e  reg ion .  

The o r i f i c e  p l a t e  had l o s t  6 . 4  mg d u r i n g  t h e  two tests which have been 

d iscussed .  F igure  4 i s  a photograph of t he  o r i f i c e  p l a t e  a f t e r  t h e  run. 

Usual ly ,  t h e  whole p l a t e  is coated w i t h  copper s p u t t e r e d  back from t h e  

c o l l e c t o r .  

t empera tures  h igh  enough t o  provide r e -evapora t ion  of depos i t ed  copper 

i n  t h i s  r eg ion .  For t h e  above r easons ,  i t  was decided t h a t  t h e  f o r e i g n  

m a t e r i a l  was due t o  decomposition of t h e  t i t a n i u m  a l l o y  ca thode  o r i f i c e  

p l a t e .  

The absence of copper over  t h e  c e n t r a l  r e g i o n  i n d i c a t e s  

I n  t h e  a n a l y s i s  of t h e  f l a k y  s u b s t a n c e ,  t h e  copper i s  

assumed t o  be material s p u t t e r e d  back from t h e  c o l l e c t o r ,  t h e  n i c k e l  t o  

come from a b raze  used i n  assembling t h e  ca thode ,  and t h e  molybdenum 

from t h e  e l e c t r o d e  i t s e l f .  

A new cathode o r i f i c e  p l a t e  of molybdenum w i l l  r e p l a c e  

t h e  t i t an ium a l l o y  p a r t .  Besides being a more r e f r a c t o r y  m a t e r i a l ,  t he  

molybdenum has h i g h e r  thermal  c o n d u c t i v i t y  and w i l l  s t a y  c o o l e r  t han  t h e  

t i t an ium.  

The engine was c l eaned  and reassembled and a t  t h e  end 

of t h e  q u a r t e r  a t h i r d  run  was s t a r t e d ,  s t i l l  us ing  t h e  t i t a n i u m  cathode 

o r i f i c e  p l a t e .  

e r a t o r  d r a i n  c u r r e n t s  ( 2 5  m a ) .  

This run  was te rmina ted  a f t e r  23 hours  due t o  h igh  a c c e l -  

Analys is  w a s  no t  completed a t  t h e  end 
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of t h e  q u a r t e r .  

3 .  PERMANENT MAGNET STUDIES 

To reduce t h e  power cond i t ion ing  requirements  of t h e  engine  and t o  

reduce t h e  system weight ,  i f  p o s s i b l e ,  t he  use of permanent magnets i n  

t h e  cesium e l e c t r o n  bombardment i o n  engine i s  being i n v e s t i g a t e d .  

3.1 Magnetic F i e l d  

As a s t a r t i n g  poin t  i n  the  des ign  of a permanent magnet engine ,  

the  magnetic f i e l d  of a DE engine w a s  mapped. A p l o t  of t h e  a x i a l  f i e l d  

s t r e n g t h  i n  gauss  p e r  ampere a t  t h r e e  r a d i a l  d i s t a n c e s  inc lud ing  t h e  a x i s  

appears  i n  F igure  5a. This  p l o t  served as a check on t h e  exper imenta l  

appa ra tus  (a new engine s h e l l  and f l u x  meter  were used). The r e su l t s  were 

i n  good agreement w i t h  previous d a t a  obta ined  wi th  t h e  f i r s t  two DE 

engine  s h e l l s .  

The r a d i a l  f i e l d  was a l s o  measured w i t h  t h e  new appa ra tus  and 

the  d a t a  w a s  reduced t o  y i e l d  the  magnetic f i e l d  p l o t  shown i n  F igu re  5b. 

As expec ted ,  t he  f i e l d  w a s  q u i t e  s o l e n o i d a l .  This  p l o t  w a s  used a s  a 

r e fe rence  f o r  des ign  of t h e  permanent magnet f i e l d .  

A permanent magnet mod i f i ca t ion  of a b a s i c  DE engine  w a s  

designed and b u i l t .  For t h i s  f i r s t  t e s t ,  on ly  t h e  e lec t romagnets ,  

s c reen  e l e c t r o d e ,  and cathode p l a t e  were modified.  Pure i r o n  w a s  used 

as t h e  permeable material .  The mod i f i ca t ion  was designed f o r  o p e r a t i o n  

wi th  a number of rod shaped Alnico V permanent magnets. This was done t o  

a l low adjustment  of t h e  t o t a l  c r o s s  s e c t i o n  of t h e  permanent magnet 

m a t e r i a l  by adding o r  removing magnets t o  o b t a i n  t h e  d e s i r e d  f i e l d  

s t r e n g t h .  The f i e l d ,  B,  i s  determined by 

B = -  B~ Am 
K A  

g 

where B 

c r o s s  s e c t i o n a l  magnet a r e a ,  A 

and K i s  a form f a c t o r  (approximately 4 f o r  t h i s  c i r c u i t )  which c o r r e c t s  

f o r  t h e  e f f e c t s  of f r i n g i n g .  

i s  t h e  r e s i d u a l  f l u x  d e n s i t y  of t h e  Aln ico  magnets, Am i s  t h e  R 

is  t h e  a r e a  of t h e  gap (cathode t o  s c r e e n ) ,  
g 

The demagnetizing f o r c e  e x e r t e d  on the  
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magnets i n  t h i s  conf igu ra t ion  i s  only  10 o e r s t e d s  a t  t he  d e s i r e d  f i e l d  

s t r e n g t h  i n  t h e  engine ,  which i s  not  enough t o  reduce t h e  f l u x  i n  t h e  

R' Alnico magnets apprec i ab ly  below B 

The f i e l d  w i t h i n  the modified engine was measured and t h e  

number and s i z e  of t he  magnets were a d j u s t e d  t o  o b t a i n  a f i e l d  s imi l a r  t o  

t h a t  of t he  DE engine.  Data on t h e  a x i a l  component of t h e  permanent 

magnet f i e l d  are shown i n  Figure 6a. A c l e a r e r  unders tanding  of t h e  

d i f f e r e n c e s  may be obta ined  from Figures  5b and 6b. The convergence 

toward t h e  s c r e e n  e l e c t r o d e  i n d i c a t e d  i n  F igures  6a and 6b i s  due t o  

t h e  15 percent  l a r g e r  a r e a  of t h e  square  cathode p l a t e .  

3 . 2  Engine Tes t s  

The permanent magnet engine i s  shown i n  F igure  7. As can  be 

s e e n ,  no a t t empt  w a s  made t o  keep t h i s  assembly s m a l l  o r  l i g h t  i n  weight .  

The engine ,  as modif ied,  weighed two pounds more than  t h e  electromagnet  

ve r s ion .  ?&IO t h i r d s  of t h i s  e x t r a  weight  was i n  t h e  cathode p l a t e  which 

was twice as t h i c k  as t h e  sc reen  e l e c t r o d e .  

This modified engine was opera ted  dur ing  t h e  q u a r t e r  w i t h  t h e  

fol lowing r e s u l t s :  

1. Autocathode opera t ion  appeared s a t i s f a c t o r y .  

2 .  Some long per iod  ( s e v e r a l  seconds)  i n s t a b i l i t i e s  occur red  

a t  beam l e v e l s  between 300 and 400 mill iamperes .  Beam 

f l u c t u a t i o n s o f  50 mi l l iamperes  were observed. 

3 .  The modif ied sc reen  e l e c t r o d e  (Armco magnet i r o n )  bowed 

toward t h e  a c c e l e r a t i n g  e l e c t r o d e  enough t o  reduce t h e  

maximum vo l t age  across  t h e  gap t o  3 . 5  k i l o v o l t s  du r ing  

e a r l y  opera t ion .  

4 .  Higher v o l t a g e s  could be s u s t a i n e d  a f t e r  p re l imina ry  oper-  

a t i o n .  

5. Data taken  a t  a 500 mi l l iampere  beam l e v e l  are  shown i n  

Table 111 wi th  similar d a t a  taken  wi th  t h e  normal DE engine.  

The performance was comparable t o  t h a t  of t h e  DE engine  

w i t h  t h e  electromagnet  c o n f i g u r a t i o n .  
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TABLE 111 

COMPARISON OF DE ENGINE PERFORMANCE WITH 

ELECTROMAGNETS AND PERMANENT MAGNETS 

E lec  t r o m a g n e  t s P e r m a n e n t  M a g n e t s  

3 .5  

1 .o 

0 .010 

0.565 

7.4 

47 

1.980 

0.045 

0.006 

0.348 

2.379 

12.6 

189 

83 

90 

75 

3 . 6  3.5 

0.8 1 .o  

0.0065 0.0065 

0.425 

7.25 

38 

1.530 

0.029 

0.008 

0.276 

1.843 

9.6 

192 

83 

91  

75.5 

6550 6700 

I / IB(pe rcen t )  1 . 7  1 . 5  

P A / I B  (kev/ion) 0.614 0.649 

0.500 

7.6 

~, 4 6 

1.750 

0.029 

0 

0.350 

2.129 

11.1 

19 1 

83.5 

92 

76.5 

6670 

1.3 

0.700 
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The i n s t a b i l i t i e s  noted above may have been caused by bowing 

of t h e  e l e c t r o d e s .  A t  low power l e v e l s  t he  s c r e e n  e l e c t r o d e  bows toward 

the  a c c e l e r a t i n g  e l e c t r o d e  reducing t h e  gap and v o l t a g e  hold ing  c a p a b i l i t y  

of t he  a c c e l e r a t o r  system. A t  i n t e rmed ia t e  power l e v e l s  of engine  oper-  

a t i o n ,  t h e  copper a c c e l e r a t i n g  bowed out  a l s o  bu t  then  cooled and re- 

pos i t i oned .  The long pe r iod  i n s t a b i l i t i e s  noted a re  be l i eved  t o  be due 

t o  thermo-mechanical bowing and r e l a x a t i o n  of the  e l e c t r o d e .  A t  h i g h e r  

engine power l e v e l s ,  the  e l e c t r o d e  bowing was a p p a r e n t l y  s t a b i l i z e d  wi th  

the  gap near  normal. 

thermal  expansion (such as i r o n  f o r  t h e  sc reen  e l e c t r o d e )  w i l l  n e c e s s i t a t e  

des ign  mod i f i ca t ions  of the  e l e c t r o d e  mounting s t r u c t u r e .  

The u s e  of materials wi th  h igh  c o e f f i c i e n t s  of 

With t h e  f e a s i b i l i t y  e s t a b l i s h e d  of us ing  permanent magnets 

a n  e l e c t r o n  bombardment cesium i o n  engine a new engine w i l l  be de- 

s igned ,  f a b r i c a t e d ,  and tested.  The freedom of des ign  al lowed by t h e  

e l i m i n a t i o n  of t h e  magnet c o i l s  should r e s u l t  i n  a n  o v e r a l l  r e d u c t i o n  of 

engine  weight .  The weight  of the p re sen t  copper e lec t romagnets  i s  twice 

t h e  weight  of t h e  permanent magnets used t o  perform t h e  t es t s ,  

4 .  PLASMA DISTRIBUTION STUDIES 

The DE engine ope ra t e s  w i t h  an  average c u r r e n t  d e n s i t y  of about  
2 averaged over  the  4.5 ma/cm2 over  the  e n t i r e  source o r  about  9 ma/cm 

a r e a  of t h e  a p e r t u r e s  i n  t h e  screen e l e c t r o d e .  However, due t o  t h e  plasma 

d e n s i t y  d i s t r i b u t i o n ,  t h i s  c u r r e n t  i s  not  uniform over  t h e  sou rce  a rea .  

A t  h igh t h r u s t  and performance l e v e l s  t he  c u r r e n t  d e n s i t y  a t  t h e  c e n t e r  

of t h e  e l e c t r o d e  system i s  about 50 percent  g r e a t e r  t han  the  average 

d e n s i t y .  I f  t h e  n e u t r a l  dens i ty  i n  the  a c c e l e r a t i n g  gap is  assumed t o  

be uniform, t h i s  means t h a t  the  e r o s i o n  r a t e  of t h e  c e n t r a l  p o r t i o n  of t h e  

a c c e l e r a t i n g  e l e c t r o d e  would be 50 pe rcen t  g r e a t e r  t han  t h e  average 

e r o s i o n  ra te .  

This estimate i s  based on the  assumption t h a t  t h e  e r o s i o n  i s  due 

p r i m a r i l y  t o  charge exchange i o n s  and no t  t o  d i r e c t l y  i n t e r c e p t e d  ions.  

The only  n o t i c e a b l e  e r o s i o n  of t he  a c c e l e r a t i n g  e l e c t r o d e s  of DE engines  

t o  d a t e  has  occurred e n t i r e l y  on t h e  exhaust  s i d e  and i s  cons idered  
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t o  be due t o  charge exchange e r o s i o n .  

4.1 Neutral  E f f l u x  

To l e a r n  more about  t he  n e u t r a l  d i s t r i b u t i o n  i n  the  beam and 

t o  a i d  understanding of t h e  o p e r a t i o n  of t h e  a r c  d i s c h a r g e ,  a moveable 

n e u t r a l  cesium d e t e c t o r  was mounted i n  the  vacuum s y s t e m .  This 

d e t e c t o r  was loca ted  a t  an  ang le  of 45  degrees  t o  the  beam a x i s  and could  

be moved i n  such a way as t o  scan  a c r o s s  a d iameter  of t he  engine.  

A schematic of t h e  exper imenta l  s e t - u p  i s  shown i n  F igure  8. 

An e l e c t r i c a l  readout  from t h e  d e t e c t o r  p o s i t i o n i n g  mechanism 

allowed t h e  measured e f f l u x  t o  be p l o t t e d  as a f u n c t i o n  of d e t e c t o r  

p o s i t i o n  d i r e c t l y  on an  X-Y recorder .  A s h u t t e r  w a s  provided t o  a l low 

de termina t ion  of background s i g n a l  l e v e l s  from the  n e u t r a l  d e t e c t o r .  

I n i t i a l  t e s t s  made w i t h  a DE type e l e c t r o d e  system gave u n c e r t a ?  

r e s u l t s  because of h ighe r  c o l l i m a t i o n  of n e u t r a l s  by t h e  s m a l l e r  aperture: .  

i n  t h e  cen te r  of t h e  e l e c t r o d e s .  A s e t  of uniform e l e c t r o d e s  from the  

DD engine (EOS Report 3670-Final)  was adapted t o  t h e  DE engine  t o  o b t a i n  

more s t r a igh t fo rward  r e s u l t s .  

Figure 9 p re sen t s  d a t a  taken  f o r  o p e r a t i o n  w i t h  a 4 kv ,  300 

m a  beam wi th  91 pe rcen t  mass u t i l i z a t i o n .  

t h e r e  was a d i s t i n c t  d i p  i n  t h e  n e u t r a l  e f f l u x  from the  c e n t e r  of t he  

source .  With t h e  high v o l t a g e  turned  o f f  bu t  t h e  a r c  l e f t  on,  t he  plasma 

ex t rudes  through t h e  e l e c t r o d e s  and the  d i s t r i b u t i o n  i s  as shown i n  t h e  

middle curve of t he  f i g u r e .  The d e t e c t o r  s i g n a l  i s ,  of c o u r s e ,  much 

l a r g e r  i n  t h i s  case .  The plasma ex t rudes  most i n  t h e  c e n t e r  g iv ing  r i s e  

t o  t h e  peak a t  t h a t  p o s i t i o n .  With the  f e e d r a t e  main ta ined  bu t  t h e  a r c  

ex t inguished  t h e  t h i r d  d i s t r i b u t i o n  w a s  ob ta ined .  

With t h e  beam being e x t r a c t e d ,  

4.2 E f f e c t  of Magnetic F i e l d  

Figure 10 shows the  e f f e c t  of t h e  magnetic f i e l d  on t h e  n e u t r a l  

e f f l u x  d i s t r i b u t i o n .  The lower n e u t r a l  e f f l u x  a t  h ighe r  f i e l d s  somewhat 

obscures  the  f a c t  t h a t  t h e  d i p  i n  t h e  c e n t e r  i s  more pronounced a t  h i g h e r  

magnetic f i e l d s .  A t  z e ro  magnetic f i e l d  t h e r e  was no d i p  and t h e  n e u t r a l  
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e f f l u x  d i s t r i b u t i o n  appeared t o  be q u i t e  s imilar  t o  t h a t  f o r  t h e  case  

where t h e  a r c  i s  ex t inguished .  These r e s u l t s  a re  c o n s i s t e n t  w i t h  

t h e o r e t i c a l  c o n s i d e r a t i o n s  of the e f f e c t  of t h e  magnetic f i e l d  on t h e  

plasma d e n s i t y  d i s t r i b u t i o n ,  For h ighe r  f i e l d s ,  t he  plasma d e n s i t y  i s  

more peaked a t  t h e  c e n t e r  and the p r o b a b i l i t y  of a n e u t r a l  atom being 

ion ized  is  t h e r e f o r e  h ighe r  i n  t h a t  reg ion .  

The acceptance ang le  was reduced on t h e  n e u t r a l  d e t e c t o r  t o  

provide  h ighe r  r e s o l u t i o n  i n  the n e u t r a l  e f f l u x  d i s t r i b u t i o n s .  A 

Faraday cup c o l l e c t o r  was mounted a longs ide  the  n e u t r a l  d e t e c t o r ,  

ex tending  i n t o  t h e  c e n t e r  of the beam. A se t  of beam d e n s i t y  p r o f i l e s  

f o r  a c o n s t a n t  beam c u r r e n t  of 300 m a  a t  d i f f e r e n t  va lues  of magnet 

c u r r e n t  appears  i n  F igu re  11. The peaking e f f e c t  of t h e  magnetic f i e l d  i s  

c l e a r l y  shown, The l a r g e  acceptance a n g l e  of t h i s  probe and t h e  d i s t a n c e  

(about  5 inches)  from t h e  engine made i t  somewhat i n s e n s i t i v e  t o  changes 

i n  engine ope ra t ion .  

Fu r the r  d a t a  were obtained w i t h  t h e  n e u t r a l  d e t e c t o r .  F igure  

1 2  shows n e u t r a l  e f f l u x  p r o f i l e s  ob ta ined  a t  t h e  same time as t h e  beam 

p r o f i l e s  of F igu re  11. A n e u t r a l  d e t e c t o r  mounted i n  t h e  tank  a t  a 

g r e a t e r  d i s t a n c e  and w i t h  a l a r g e r  acceptance  a n g l e  gave t h e  r e l a t i v e  

r ead ings  shown whi l e  t hese  curves were taken. The d i f f e r e n c e  i n  h e i g h t  

of t h e s e  curves  i s  probably due t o  angu la r  v a r i a t i o n s  i n  engine  e f f l u x .  

A t  h igh  magnetic f i e l d s  the  peak i n  e f f l u x  from the  pe r iphe ry  of the  

engine  becomes more pronounced. This peak may be due, i n  p a r t ,  t o  

evapora t ion  of cesium from the  anode. 

4.3 E f f e c t  of Cathode O r i f i c e  -- 

Figure  13 shows n e u t r a l  e f f l u x  d i s t r i b u t i o n s  ob ta ined  wi th  

t h r e e  d i f f e r e n t  cathode o r i f i c e  c o n f i g u r a t i o n s .  These cu rves  were 

taken  w i t h  t h e  same va lues  of magnet c u r r e n t ,  beam c u r r e n t ,  and source  

p o t e n t i a l .  

v a r i e d  due t o  changes i n  a r c  impedance caused by t h e  o r i f i c e  changes.  

The a r c  power supply s e t t i n g  w a s  h e l d  c o n s t a n t  bu t  a r c  power 

Curve A w a s  obtained w i t h  t h e  s t anda rd  o r i f i c e .  Curve B w a s  

ob ta ined  w i t h  an  o r i f i c e  p l a t e  which had e i g h t  a p e r t u r e s  e q u a l l y  
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spaced on a 1-3 /4  inch  d iameter  c i r c l e .  The o b j e c t  of t h i s  t e s t  was 

t o  i n j e c t  the e l e c t r o n s  and cesium i n t o  t h e  a r c  chamber t o  i n c r e a s e  

the  ion  dens i ty  near  t h e  per iphery  of t h e  e l e c t r o d e s .  Beam p r o f i l e s  

obtained showed ques t ionab le  d i f f e r e n c e s  but  t he  shape of curve  B 

i n d i c a t e s  an i n c r e a s e  i n  the  n e u t r a l  d e n s i t y  towards t h e  edge of t h e  

chamber. 

To o b t a i n  curve  C ,  t h e  o r i g i n a l  o r i f i c e  was spaced away from 

the  cathode t o  a l low n e u t r a l s  t o  e n t e r  t h e  chamber r a d i a l l y .  The 

e f f e c t i v e  c ross  s e c t i o n a l  a r e a  of the  r e s u l t a n t  gap was approximately 

equal  t o  the a r e a  of t he  c e n t r a l  o r i f i c e .  Here a g a i n  a s l i g h t  i n c r e a s e  

i n  n e u t r a l  e f f l u x  d i s t r i b u t i o n  towards t h e  pe r iphe ry  but  no change i n  

the  beam dens i ty  d i s t r i b u t i o n  was found. 

Tes ts  w i l l  be cont inued wi th  t h e  a i d  of a Faraday probe which 

has  a smal le r  acceptance angle  o r  mounted c l o s e r  t o  t h e  engine and a neb7 

n e u t r a l  d e t e c t o r  o u t l i n e d  below. 

Since a n  u n c e r t a i n t y  e x i s t s  as t o  t h e  angu la r  v a r i a t i o n s  i n  

n e u t r a l  e f f l u x ,  a d e t e c t o r  has  been designed t o  work i n  the  beam. 

Previous a t t e m p t s  t o  do t h i s  have f a i l e d  due t o  h igh  background l e v e l s  

and f a i l u r e  t o  sweep out  a l l  incoming ions .  

The new d e t e c t o r  w i l l  have a much more e f f e c t i v e  sweep system 

( longer  sweep length  and improved v e n t i n g )  and w i l l  use  LN coo l ing  

t o  condense cesium out  of the  f i l amen t  housing. This d e t e c t o r  w i l l  be 

placed i n  f a b r i c a t i o n  i n  June. 

2 

5 .  AUTOCATHODE IMPROVEMENT STUDIES 

The present  DE autocathode uses  90 watts of power from an  i n t e r n a l  

h e a t e r  t o  hea t  t h e  e m i t t e r  s u r f a c e  p r i o r  t o  e s t a b l i s h i n g  an  a r c .  S t u d i e s  

a r e  being performed t o  f i n d  ways t o  reduce o r  e l i m i n a t e  t h e  s t a r t i n g  

power requirements ,  t o  s i m p l i f y  t h e  c o n s t r u c t i o n  of t h e  ca thode ,  and t o  

g e n e r a l l y  improve au toca thode  s t a r t - u p  and ope ra t ing  c h a r a c t e r i s t i c s .  

5.1 O r i f i c e  Diameter 

I n  o r d e r  t o  i n v e s t i g a t e  the  e f f e c t  of t h e  cathode o r i f i c e ,  a 

series of o r i f i c e  p l a t e s  w i th  vary ing  a p e r t u r e  d iameters  was prepared.  
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Three of t h e s e  o r i f i c e s  were operated i n  a DE engine w i t h  t h e  fo l lowing  

r e s u l t s .  

The f i r s t  o r i f i c e ,  a s  t h e  c o n t r o l ,  had t h e  s t anda rd  0.189 inch  

diameter .  The d a t a  on source  e f f i c i e n c y  obta ined  w i t h  t h i s  o r i f i c e  

i s  shown by t h e  c i r c l e d  po in t s  i n  F igure  14. This d a t a  is  w i t h i n  one 

pe rcen t  of t h e  d a t a  found previous ly  wi th  t h e  DE engines ,  

The second o r i f i c e  t e s t e d  had a diameter  of 0.128 inches .  

(approximately two- th i rds  s tandard) .  

t o  t h r e e  percent  below t h a t  of t h e  c o n t r o l  as i n d i c a t e d  by t h e  t r i a n g l e s  

i n  F igure  14. This reduced cathode o r i f i c e  made t h e  arc more d i f f i c u l t  

t o  s t a r t ;  t h e  cathode temperature  had t o  be r a i s e d  somewhat h ighe r  t o  

i n i t i a t e  t h e  d ischarge .  The a r c  impedance w a s  i nc reased  s l i g h t l y  and t h e  

o r i f i c e  p l a t e  opera ted  h o t  enough t o  cause  a n  apparent  r e c r y s t a l i z a t i o n  

of t h e  t i t an ium a t  the  o r i f i c e .  D e t e r i o r a t i o n  of t h i s  a p e r t u r e  over  a 

long per iod  of  ope ra t ion  could cause t h e  a r c  impedance t o  d r i f t  towards 

t h e  normal levels .  

Source e f f i c i e n c y  was about  two 

The t h i r d  o r i f i c e  operated had a d iameter  of 0.284 inches  

( th ree -ha lves  s t anda rd ) .  

t o  t h r e e  percent .  S t a r t i n g  c h a r a c t e r i s t i c s  were enhanced s l i g h t l y  

(smoother turn-on)  and t h e  o r i f i c e  r an  c o o l e r  t han  normal as evidenced 

by a n  accumulat ion of backsput te red  copper on the  o r i f i c e .  This 

o r i f i c e  aga in  appeared t o  reduce t h e  a r c  impedance as compared wi th  t h e  

c o n t r o l  bu t  i n s u f f i c i e n t  d a t a  were obta ined  i n  t h i s  case .  A r c  

i n s t a b i l i t i e s  were found when a r c  v o l t a g e s  above 9 v o l t s  were used 

du r ing  t h e  engine  h e a t i n g  phase of t h e  turn-on sequence. 

This a l s o  reduced source  e f f i c i e n c y  by two 

5.2 Autocathode S t a r t i n g  Temperature 

To determine t h e  minimum s t a r t i n g  cathode t e m p e r a t u r e  t o  i n i t i a t e  

a d i scha rge ,  an e x t e r n a l  hea t e r  w a s  added t o  a DE ca thode  housing. 

With t h e  h e a t  source  on t h e  ou t s ide  of t h e  ca thode ,  t h e  i n t e r n a l  temp- 

erature could be approximated by t h e  housing w a l l  temperature .  I n i t i a l  

o p e r a t i o n  i n d i c a t e d  t h a t  t h e  a r c  could  be i n i t i a t e d  by main ta in ing  t h e  

housing a t  a temperature  high enough t o  prevent  cesium condensat ion.  
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It appears  t h a t  under these  cond i t ions  enough cesium i s  d e l i v e r e d  i n t o  

the  d i scha rge  chamber t o  i n i t i a t e  a glow d i scha rge  which develops i n t o  

t h e  f u l l  a r c  mode wi th  autocathode ope ra t ion .  

F igure  15  shows a temperature  t i m e  p r o f i l e  f o r  a co ld  ca thode  

s t a r t u p .  The i n t e r n a l  ca thode  h e a t e r  w a s  no t  used. A power of 90 

wat t s  was app l i ed  through t h e  e x t e r n a l  h e a t e r  on the  ca thode  housing 

u n t i l  t h e  a r c  was i n i t i a t e d .  This t es t  was made w i t h  a l a b o r a t o r y  

r e s e r v o i r  which has  h i g h e r  temperature  and power requirements  and longer  

response times than  t h e  zero-g type  feed  system. 

For the  f i r s t  20 minutes ,  t h e  va lve  and ca thode  housings were 

brought t o  ope ra t ing  temperatures.  No power w a s  f ed  t o  the  r e s e r v o i r  

bu t  some i n c r e a s e  i n  r e s e r v o i r  temperature  was observed due t o  h e a t  

conduct ion from t h e  va lve .  A t  t he  end of t he  f i r s t  hea t ing  phase ,  

t h e  r e s e r v o i r  power was turned  on and a f t e r  about  9 minutes ,  t r a c e s  of 

cesium flow from t h e  engine were observed wi th  t h e  n e u t r a l  cesium 

d e t e c t o r  i n  the  vacuum tank. Three minu tes  l a t e r  t h e  arc s t a r t e d  and 

inc reased  t o  30 amps and t h e  r e s e r v o i r  power was r e g u l a t e d  t o  ma in ta in  

t h i s  va lue .  During t h e  f i r s t  two minutes  of a r c  o p e r a t i o n  t h e  e x t e r n a l  

h e a t e r  w a s  l e f t  on. When t h e  a rc  c u r r e n t  reached 20 amperes the  h e a t e r  

w a s  tu rned  o f f  and t h e  cathode housing cooled t o  30OoC. 

The thermocouple used t o  measure t h e  cathode housing temperature  

was moved t o  a more a c c u r a t e  l o c a t i o n  and tests were cont inued  t o  

determine t h e  minimum housing temperature  r equ i r ed  t o  s t a r t  t h e  d i scha rge .  

A temperature  of 340' t o  35OoC was found necessary  when h e a t i n g  t h e  

ca thode  e x t e r n a l l y .  

Using t h e  i n t e r n a l  h e a t e r  i t  was p o s s i b l e  t o  s t a r t  c o n s i s t e n t l y  

w i t h  a power of 25 watts f o r  the normal o r i f i c e .  

t h e  housing reached a temperature of 240 C. The cathode h e a t e r ,  however, 

a t t a i n e d  h i g h e r  temperatures .  

During t h e s e  s ta r t s ,  
0 

5.3 E x t e r n a l l y  Heated Cathode 

A new cathode w a s  designed f o r  t he  DE engine  which uses  only  

a n  e x t e r n a l  h e a t e r .  This cathode i s  shown i n  F igu re  16a. The i n t e r n a l l y  
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hea ted  cathode i s  shown f o r  comparison i n  F igure  16b. The ca thode  

i s  supported by t h e  o r i f i c e  p l a t e  i n  t h i s  des ign  t o  reduce conduct ive  

cool ing  t o  the  engine body. 

been reduced bu t  t h e  volume and emi t te r  a'rea approximate those  of t h e  

DE cathode.  The emi t t e r  i s  formed from tan ta lum and i s  r e p l a c e a b l e .  

Ex te rna l  s u r f a c e  area and thermal  mass have 

The a r c  was extremely d i f f i c u l t  t o  s t a r t  w i t h  t h i s  ca thode .  

Once i n  ope ra t ion ,  however, engine performance appeared normal. I n  

o rde r  t o  s t a r t  t h e  arc a h igh  v o l t a g e  was f i r s t  a p p l i e d  t o  t h e  anode t o  

s t a r t  a glow discharge .  

s h e l l  than when t h e  engine  was near  ope ra t ing  tempera tures .  It appears  

t h a t  a c e r t a i n  balance between t h e  p r e s s u r e s  i n  t h e  a r c  chamber and t h e  

p re s su re  i n  t h e  ca thode  i s  necessary  f o r  s t a r t i n g .  The s t a r t i n g  charac-  

t e r i s t i c s  of va r ious  au toca thode  c o n f i g u r a t i o n s  w i l l  be  i n v e s t i g a t e d  

f u r t h e r .  

It was more d i f f i c u l t  t o  s t a r t  w i t h  a c o l d  engine  

6. QUALITY ASSURANCE 

A t  t h e  beginning of t h e  q u a r t e r ,  EOS Report  4920-QAP-1, " Inspec t ion  

and Tes t  Plan", was prepared and submi t ted  t o  NASA-Lewis. This p l a n  

provides  the  planning f u n c t i o n  f o r  i n s p e c t i o n s  and t e s t s  t o  be conducted 

dur ing  t h e  c o n t r a c t  e f f o r t .  Included i n  t h e  t e s t  p l a n  a re  t h e  equipment 

log and f a i l u r e  r e p o r t  formats .  

The plan was reviewed by t h e  NASA-Lewis O f f i c e  of R e l i a b i l i t y  and 

Q u a l i t y  Assurance. P rov i s ions  f o r  e x t r a c t i n g  system d a t a  were c l a r i f i e d .  

EOS Form 73611509, "W.A. 4920 F a i l u r e  Report", was r e v i s e d  i n  accordance 

w i t h  NASA-Lewis comment. 

Shop t r a v e l l e r  a c t i v i t y  du r ing  t h e  f i r s t  q u a r t e r  w a s  p r i m a r i l y  

conerned wi th  DER-1 engine and ze ro -g rav i ty  f eed  system suppor t .  Equipment 

logs  were i s sued  f o r  t h e  DER-1  engine ,  t h e  ze ro -g rav i ty  f eed  system, and 

t h e  government fu rn i shed  c o n t r o l  system. Two s t and ing  assembly r e q u e s t s ,  

one each f o r  t h e  engine  and f eed  system, were i n i t i a t e d .  Both of these 

r eques t s  a r e  s t i l l  a c t i v e .  

Test  procedure 4922-1, " R e l i a b i l i t y  Engine Component Weights", was 

r e l e a s e d  during t h e  r e p o r t  per iod .  
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7. PLANS FOR NEXT QUARTER 
.During t h e  next  q u a r t e r  DER-1 engine t e s t s  w i l l  be cont inued  

w i t h  molybdenum p a r t s  rep lac ing  t h e  t i t an ium a l l o y  i n  t h e  autocathode.  

A l i g h t  weight  permanent magnet engine w i l l  be  des igned ,  f a b r i c a t e d ,  and 

t e s t e d .  The co l l ima ted  faraday cup and t h e  l i q u i d  n i t r o g e n  cooled 

n e u t r a l  d e t e c t o r  w i l l  be used i n  f u r t h e r  a n a l y s i s  of engine  c o n f i g u r a t i o n s .  

The e f f e c t  of t h e  anode conf igu ra t ion  as well a s  t h e  c e s i u m  and e l e c t r o n  

i n j e c t i o n  system on the  i o n  and n e u t r a l  e f f l u x  d i s t r i b u t i o n s  w i l l  be 

i n v e s t i g a t e d .  

To f u r t h e r  understand t h e  autocathode o p e r a t i o n ,  temperature  measure- 

ments on t h e  cathode e m i t t e r  w i l l  be made. I n v e s t i g a t i o n s  w i l l  be made 

t o  determine t h e  causes  f o r  d i f f e r e n t  s t a r t i n g  c h a r a c t e r i s t i c s  between 

t h e  i n t e r n a l l y  hea ted  and e x t e r n a l l y  hea ted  ca thodes  and t h e  e f f e c t s  

of t h e  magnetic and e l e c t r i c  f i e l d s  as w e l l  as i n t e r n a l  p re s su res  w i l l  

be i n v e s t i g a t e d .  
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